Abstract This study was conducted to determine the prevalence of Beet necrotic yellow vein virus (BNYVV) causal agent of rhizomania, in sugar beet cultivation areas in the Lakes District of Turkey, in 2006Turkey, in -2007. During surveys BNYVV suspected leaf, root, and soil samples were collected. Total of 203 soil samples were collected from different locations in the region. Sugar beet cultivar Kasandra plants were grown in these soil samples using bait plant techniques. In order to detect the structures of the vector protozoa Polymyxa betae Keskin in the root tissue of the bait plants, roots were stained with lactofuchsin and examined for the fungal cystosori under a light microscope. Presence of BNYVV was investigated using Double antibody sandwich enzyme linked immunosorbent assay (DAS-ELISA). ELISA test results showed that 85 samples were infected with BNYVV (41.87%). ELISA-positive samples for BNYVV were used in the mechanical inoculation studies. Test plants produced typical BNYVV symptoms. Fifty ELISA negative samples when tested by reverse transcription polymerase chain reaction (RT-PCR), BNYVV could be detected in 50% of these samples. The present study provides evidence for occurrence of BNYVV in a major beet growing area in Turkey based on biological, serological and molecular detection of the virus. RT-PCR method was found more suitable and sensitive than DAS-ELISA for the detection of BNYVV.
Sugar beet (Beta vulgaris var. altissima Döll), a member of Chenopodiaceae, is a plant that contains very high concentration of sucrose, and is grown commercially for sugar production. In Turkey, sugar beet was grown in 320,700 ha land with 15,488,000 metric tonnes production, in 2010. Lakes District is one of the important sugar beet production areas of Turkey. In this region 1,380,000 metric tonnes of sugar beet was grown in 21,090 ha, in 2008 (http://www.turkseker.gov.tr).
Rhizomania (root madness) is a very damaging disease leading to a major reduction in root yield and quality of sugarbeet. This disease of sugar beet was first reported in Italy in 1952 by Canova. At present, it is widely distributed in sugar beet growing areas in Asia, Europe, and America continents. It still continues to spread to other areas [20, 22] . Rhizomania is caused by Beet necrotic yellow vein virus (BNYVV) [13, 23] . The virus is transmitted by a soil-borne plasmodiophorid Polymyxa betae Keskin [10] , and is known to survive in soil for at least 15 years protected by resting cystosori of the protozoa [24] . Thus, the disease can not be controlled by agronomical practices. Polymyxa betae Keskin has an important role in the transmission and distribution of rhizomania [2] . The disease is spread by means of water, wind, waste plant material, cultivation machines, transplanted vegetable seedlings [1] , and directly by the movement of contaminated soil and manure [8] . Typical root symptoms following early infection include a mass of fine, hairy secondary roots, mostly dead, that give the taproot a beard-like appearance. Therefore, the name of rhizomania was given. Leaves may become flabby and wilt without discoloration. Sometimes, smaller leaves proliferate at the crown. A general chlorosis of foliage commonly occurs. Because infected roots are inefficient in water and nutrient uptake, general foliar symptoms are similar to water stress or nitrogen deficiency. Diseased plants usually N occur in patches or areas of the field and not as scattered individual plants dispersed throughout the field. Because the vector thrives in moist areas, disease severity usually is greatest in depressions or compacted, poorly-drained portions of the field that tend to collect water and remain wet [6] . The disease causes economic loss of sugar beet by reducing yield. It can cause a decrease in root yield of 30-90% [1, 4] and it reduces sugar yield up to 70% [20, 21, 26] . In Turkey, rhizomania was first detected in the beet samples sent from Alpullu and Amasya to Germany in 1987 [12] . Later the presence of the disease was reported in different beet growing areas of Turkey [25] . Rhizomania, is one of the most important sugar beet diseases in Turkey [9, 11, 14, 16] .
Lakes region is one of the important sugar beet production areas in Turkey, viral diseases of sugar beet in this region are largely unknown because of a lack of attention to viral diseases and absence of any virus diagnosis programme in the region. A virus detection programme was initiated to determine the common viruses in sugar beet plantations in the region. The aim of this research was the detection and identification of BNYVV in this region using biological indexing, DAS-ELISA and RT-PCR methods. In addition, the fungal structures of the vector protozoa Polymyxa betae Keskin were detected in the roots of bait plants by staining with lachtofuchsin using a light microscope. A total of 203 soil samples were collected from different locations in the Lakes District of Turkey during 2006-2007. During surveys, typical Rhizomania symptoms were observed on sugar beet leaves and roots, and photographs were taken (Fig. 1) . All samples were taken considering the visual indications for the presence of rhizomania in field grown plants, such as light green coloration of leaves and beard-like appearance of the roots.
A total of 203 soil samples collected from 24 areas were used in bait plants tests. Sugar beet seeds, which was rhizomania-susceptible cultivar Kasandra were sown in pots containing saturated soil. After the growing period of 9 weeks, each pot was harvested separately. The root samples were then used to determine the presence of virus by ELISA, RT-PCR, and other studies.
All bait plant root samples were tested for the presence of BNYVV with specific ELISA detection kits (Agdia, Inc., Elkhart, IN, USA) using the previously reported DAS-ELISA method [3] . Absorbance values were measured at 405 nm with a microplate reader (Versa Max Microplate Reader). Samples with DAS-ELISA values at least twice of the healthy control were considered to be positive [18] .
DAS
Root samples were taken from bait test plants and washed to remove soil debris. Roots were kept in 0.1% KOH for 15 days after washing with distilled water. Later they were stained with lactophenol containing 0.1% acid fuchsin [15] . P. betae was checked by observing the amount of resting spore clusters in the root samples under a light microscope (Fig. 2) .
Total RNA was extracted from 100 mg of root tissue essentially based on RNeasy RNA extraction Kit protocol (QIAGENE Ò ,Germany). Root tissue was frozen in liquid nitrogen and ground in 450 lL RLT (4.5 lL ßmercap-toethanol added before use). The homogenate was decanted into a liquid nitrogen frozen 1.5 microfuge vortexed thoroughly and decanted into a Qiagene shredder column (lilac). Qiagene shredder column was centrifuged at 13,000 rpm for 2 min and the supernatant was decanted into a1.5 mL microfuge carefully. 0.5 volume of pure ethanol was added to supernatant immediately mixed by pipeting and decanted into a Qiagene RNeasy column (pink). QiageneRNeasy column was centrifuged at 10,000 rpm for 15 s discarded the supernatant. 700 lL of RW1 kit buffer was added to the column centrifuged at 10,000 rpm for 15 s and discarded the kit 2 mL microfuge. The column was transferred to a new kit 2 mL microfuge. 500 lL of RPE kit buffer (ethanol added) was added to the column centrifuged at 10,000 rpm for 15 s and discarded the supernatant. The latter stage was repeated for 1 min centrifugation and the column was transferred to a 1.5 mL microfuge. 30-50 lL of RNase free water added to the column and centrifuged at 10,000 rpm for 1 min. RNA samples were incubated at -20°C.
RT-PCR was carried out using 016 and 017 specific primers (017 Reverse 5 0 ACTCGGCATACTATTCACTT3 0 ; 016 Forward 5 0 CGATTGGTATGAGTGATTTA3 0 ) which amplified a 500 bp fragment of the read-through region of the coat protein of BNYVV [17] . One step RT-PCR was undertaken in 50 lL reaction volumes containing 1 lL of template RNA, 2.5 lL of forward and reverse primers (016 and 017, 5 lM), 5 lL of 109 Taq reaction buffer (100 mM Tris-HCl, 500 mM KCl, pH 9.0), 3.75 lL of MgCl 2 (20 mM), 1 lL of dNTPs (10 mM), 0.05 lL of MMLV reverse transcriptase, 0.5 lL RNasin and 33.2 lL distilled water, and 0.5 lL of Taq polymerase (fermentas). Thermocycling was carried out as follows; 37°C for 30 min, 94°C for 2 min, then 30 cycles of 94°C for 1 min, 55°C for 1 min and 72°C for 1 min, followed by 72°C for 3 min [7] .
During field surveys in 24 commercial sugar beet fields in four different cities in the Lakes District of Turkey in 2006-2007, rhizomania symptoms of leaves and roots were observed. Leaves of infected plants were pistachio green, wilted, and with reduced growth. Additionally, the plants showed typical overgrowth of lateral roots and production of smaller beet roots. The presence of BNYVV and P. betae were evaluated in 203 samples collected from sugar beet production areas, by using bait plant test. The results of DAS-ELISA from bait plants grown in 203 soil samples showed that 85 (41%) from 24 localities were contamined with BNYVV. DAS-ELISA positive root samples were later inoculated onto herbaceous indicator plants. After mechanical inoculations, chlorotic local lesions were observed on Chenopodium amaranticolor.
In order to detect the fungal structures of the vector protozoa Polymyxa betae Keskin, randomly selected sugar beet cv. Kasandra roots were stained in acid fuchsin lacto phenol solution and examined with light microscope. Light microscopy examination of infected beet plants roots indicated the presence of fungal cystosori associated with root cell death and root discoloration. In this study 50 ELISA negative and 50 root samples were tested by RT-PCR for BNYVV. RT-PCR revealed that 25 of 50 soil samples (50%) were contaminated with BNYVV (Fig. 3) . Thus 25 samples negative in ELISA gave positive reaction in RT-PCR. Rhizomania disease was first identified by Koch (1987) and Vardar and Erkan (1992) in Turkey. Then, the disease was determined in some regions of Turkey [5, 14, 19] . Even though Lakes region is one of the important sugar beet production areas in Turkey, viral diseases in sugar beet growing in this region are largely unknown. Biological, serological, and molecular assays have generally been used for identification of BNYVV. Although ELISA is preferred assay for routine virus detection, RT-PCR has increasingly been used for detection and identification of viruses due to higher level of sensitivity. Therefore, we have used both ELISA and RT-PCR assays for detection of BNYVV to assess the sensitivity. Results showed that RT-PCR method was found to be more sensitive than DAS-ELISA for identification of BNYVV. In this study, presence of BNYVV was found in these region of sugar beet production areas by biological and DAS-ELISA and RT-PCR methods. 
